1. Introduction {#sec0005}
===============

Coronavirus disease 2019(COVID-19), a new and highly infectious disease that is caused by a previously undescribed coronavirus in humans, has created a significant public health threat in the world ([@bib0015]; [@bib0075],[@bib0080]). According to the most recent World Health Organization (WHO) estimate, more than 3.3 million people worldwide are infected with the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). There is a broad consensus that patients with comorbid diseases may be more susceptible to SARS-CoV-2 ([@bib0005]; [@bib0030]; [@bib0045]). Cancer is a common comorbidity in COVID-19 patients. Previous studies mentioned that patients with cancer seemed to be more likely to be diagnosed with COVID-19 and have a higher risk of a severe event ([@bib0065]). The prevalence of different types of cancer in patients with COVID-19 is inconsistent and inconclusive due to limited sample sizes ([@bib0085]; [@bib0090]). Given the rapid spread and high mortality rate of COVID-19, it is necessary to evaluate the prevalence of different types of cancer.

The coronavirus receptor angiotensin-converting enzyme 2 (ACE2) and transmembrane serine protease 2 (TMPRSS2) have been recognized play key functions in SARS-CoV-2-infected cells ([@bib0040]). Analysis of ACE2 and TMPRSS2 expression levels in different tumor cells could help to investigate cancer susceptibility. Until now, several ongoing clinical trials are now exploring the epidemiology of SARS-CoV-2 in cancer patients (NCT04344002, NCT04352556, NCT04341207). Given this situation, use available data to understanding the prevalence of different types of cancer in patients with COVID-19 can be valuable to clinicians in their individualized approach to prevention.

As far as we know, this is the first meta-analysis to explore the prevalence of different types of cancer in patients with Covid-19. Furthermore, we also evaluated the level of ACE2 and TMPRSS2 expression in tumor cells to investigate the susceptibility of different types of cancer.

2. Methods {#sec0010}
==========

2.1. Registration {#sec0015}
-----------------

This study was not registered. This study was performed based on the PRISMA checklist.

2.2. Search strategy {#sec0020}
--------------------

Relevant literature was extracted by systematic retrieval of PubMed(Medline), EMBASE, Springer, Web of Science, Cochrane Library, China National Knowledge Infrastructure (CNKI), and Wanfang databases up to date to April 28, 2020. Our search strategy included terms for: "2019-nCoV" or "Coronavirus" or"COVID-19" or "SARS-CoV-2" or"2019-nCoV" or "Wuhan Coronavirus" and "cancer" or "tumor" or "carcinoma" or "malignancy." Besides, we manually screened out the relevant potential article in the references selected. The above process was performed independently by two participants.

2.3. Inclusion and exclusion criteria {#sec0025}
-------------------------------------

Inclusion criteria are as follows: (1) published studies focused on SARS-CoV-2 infection in patients cancer; (2) reporting the prevalence of different types of cancer; (3) the language was restricted to English or Chinese.

The exclusion criteria: (1) reviews, summaries of meetings or discussions; (2) insufficient data information provided; (3) duplicate publications; (4) the sample size was less than 5; (5) in vitro experiments or animal studies.

2.4. Data extraction and quality assessment {#sec0030}
-------------------------------------------

Two participants separately conducted literature screening, data extraction, literature quality evaluation, and any differences that could be resolved through discussion or a third analyst. Information extracted from the included literature: first author surname, year of publication, country of the population, sample size, data on the prevalence of different types of cancer in patients with COVID-19, etc.

The Newcastle-Ottawa scale (NOS) was adopted to evaluate the process in terms of queue selection, comparability of queues, and evaluation of results ([@bib0070]). The quality of the included studies was assessed independently by two participants.NOS scores of at least six were considered high-quality literature. Higher NOS scores showed higher literature quality.

2.5. Statistical analysis {#sec0035}
-------------------------

The prevalence rate and the 95 % confidence interval (CI) were estimated for each of all the included studies using the STATA 12.0. Proportions were first transformed using the Freeman-Tukey double arc-sin transformation before being combined ([@bib0010]; [@bib0025]). After that, the heterogeneity test was conducted. When P ≥ 0.05 or I^2^\<50 % was performed, it indicated that there was no obvious heterogeneity, and the fixed-effect model should be applied for a merger. Otherwise, the random-effect model was applied. Publication bias was assessed using Begg funnel plot and Egger test linear regression test (where at least five studies were available). If P \< 0.05 indicates obvious publication bias.

Gene Expression Profiling Interactive Analysis (GEPIA) was established using gene expression data via RNA sequencing from Cancer Genome Atlas (TCGA) and Genotype-Tissue Expression (GTEx). The expression levels of ACE2 and TMPRSS2 in tumor tissues and normal samples were validated by the GEPIA platform, which is a free online database (<http://gepia.cancer-pku.cn/>).

3. Results {#sec0040}
==========

3.1. Process of literature selection and description of qualified studies {#sec0045}
-------------------------------------------------------------------------

The flow diagram ([Fig. 1](#fig0005){ref-type="fig"} ) showed detailed literature search steps. The initial 538 articles screened through databases of PubMed(Medline), EMBASE, Springer, Web of Science, Cochrane Library, CNKI, and Wanfang databases and one additional record identified through other sources. After the exclusion of duplicate references, 261 articles were considered for the meta-analysis. Of the remaining 261 articles, we excluded 251 articles after reading the title and the abstract. After careful review of the full texts, four studies were excluded, as the sample size was less than five or comment.Fig. 1Flow diagram of the literature search and selection process in the meta-analysis.Fig. 1

Six studies with a total of 205 cancer patients were included in our meta-analysis ([@bib0020]; [@bib0050]; [@bib0055]; [@bib0100]; [@bib0105], [@bib0110]). Participants' demographic information is shown in [Table 1](#tbl0005){ref-type="table"} . All six studies were performed in China. Six studies reported lung cancer and breast cancer, respectively. Five of the included studies covered colorectal cancer, esophagus cancer, and cervical cancer, and four involved bladder cancer and pancreatic cancer. The NOS score of eligible articles ranged from 6 to 8, which indicated that all included studies were of high quality.Table 1Main characteristics of the included studies in meta-analysis.Table 1StudyJ.YuW.LiangJ.MaL.ZhangY.ZhangM.DaiYear202020202020202020202020CountryChinaChinaChinaChinaChinaChinaSample121837285105Median(IQR)/Mean Age (years)66(30.0)63.1 ± 12.162(11)65.0(56.0−70.0)67. 6 ± 16. 764(14.0)Male10122017457With anti-tumor therapy661318NA48Cancer typeLung cancer7587122Breast cancer1373011Colorectal cancer241121NABladder cancer02NA01NAEsophagus cancer00NA416Pancreatic cancer10NA01NANOS788768

3.2. The prevalence of lung cancer, colorectal cancer, and breast cancer {#sec0050}
------------------------------------------------------------------------

Six studies provided the data in terms of lung cancer and breast cancer ([@bib0020]; [@bib0050]; [@bib0055]; [@bib0100]; [@bib0105], [@bib0110]). With no obvious heterogeneity (lung cancer:I^2^ = 30.0 %, P = 0.210;breast cancer: I^2^ = 0.0 %, P = 0.820) among these studies, so a fixed-effect pattern was used for assessment. The results find that the prevalence of lung cancer and breast cancer were 24.7 % (95 %CI, 0.19−0.30) and 13.0 % (95 %CI,0.09−0.18), respectively. Five studies were evaluated for determining the prevalence of colorectal cancer. Pooled prevalence of colorectal cancer was 20.5 % (95 %CI, 0.13−0.29), with no obvious heterogeneity between estimates (I^2^ = 28.4 %, P = 0.232) ([Fig. 2](#fig0010){ref-type="fig"} )([@bib0050]; [@bib0055]; [@bib0100]; [@bib0105], [@bib0110]).Fig. 2The prevalence of different types of cancer in patients with COVID-19.Fig. 2

3.3. The prevalence of esophagus cancer, bladder cancer, pancreatic cancer and cervical cancer {#sec0055}
----------------------------------------------------------------------------------------------

Five included studies reported esophagus cancer and cervical cancer ([@bib0020]; [@bib0050]; [@bib0100]; [@bib0105], [@bib0110]). A fixed-effects model was used since the heterogeneity test suggested that there was no heterogeneity(esophagus cancer:I^2^ = 0.0 %, P = 0.426; cervical cancer: I^2^ = 0.0 %, P = 0.963). The prevalence of esophagus cancer and cervical cancer were 7.6 % (95 %CI, 0.04−0.12) and 6.0 % (95 %CI, 0.03−0.10). Among the included studies, four of the studies covered data on bladder cancer and pancreatic cancer. Prevalence of bladder cancer and pancreatic cancer were 7.3 % (95 % CI:0.03−0.14) and 6.1 % (0.02−0.13), which indicates no obvious heterogeneity ([Fig. 2](#fig0010){ref-type="fig"}) ([@bib0050]; [@bib0100]; [@bib0105], [@bib0110]).

3.4. Publication bias {#sec0060}
---------------------

The risk of publication bias was analyzed in the following cancers: lung cancer, colorectal cancer, breast cancer, esophagus cancer, and cervical cancer. [Table 2](#tbl0010){ref-type="table"} shows the results of publication bias, which were evaluated by funnel plots and Eggers test. Begg's test (All P \> 0.05) and Egger's regression test (All P \> 0.05) suggest no significant publication bias.Table 2The results of meta-analysis.Table 2No.of studiesPrevalence% (95 %CI)P-ValueHeterogeneityModel usedBegg\'s TestEgger\'s test*I²P~h~*Lung cancer624.7 % (0.19−0.30)\<0.00130.0 %0.210Fixed0.4520.622Breast cancer613.0 % (0.09−0.18)\<0.0010.0 %0.820Fixed1.0000.877Colorectal cancer520.5 % (0.13−0.29)\<0.00128.4 %0.232Fixed0.4620.190Bladder cancer47.3 % (0.03−0.14)\<0.0017.6 %0.355FixedNANAEsophagus cancer57.6 % (0.04−0.12)\<0.0010.0 %0.426Fixed1.0000.481Pancreatic cancer46.1 % (0.02−0.13)\<0.0010.0 %0.411FixedNANACervical cancer56.0 % (0.03−0.10)\<0.0010.0 %0.963Fixed1.0000.709

### 3.4.1. Analysis of core genes by the GEPIA {#sec0065}

To further explore different types of cancer patients SARS-COX-2 susceptibility, we evaluated the expression of infection key genes, including ACE2 and TMPRSS2 in normal and tumor samples. The mRNA expression level of ACE2 and TMPRSS2 in seven common cancers, analyzed by GEPIA. Taken together, the results of GEPIA analysis suggested that the mRNA expression of ACE2 and TMPRSS2 was higher in lung cancer and colorectal cancer than other types of cancer ([Fig.3](#fig0015){ref-type="fig"} ).Fig. 3The expression of ACE2 and TMPRss2 in cancer and normal tissue. LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; BRCA: Breast invasive carcinoma ;COAD: Colon adenocarcinoma; READ: Rectum adenocarcinoma; ESCA: Esophageal carcinoma; PAAD: Pancreatic adenocarcinoma; BLCA: Bladder Urothelial Carcinoma; CESC: Cervical squamous cell carcinoma and endocervical adenocarcinoma; T: Cancer tissue; N: Normal tissue.Fig. 3

4. Discussion {#sec0070}
=============

SARS-CoV-2 is the most recent viral pathogen to cause a global public health emergency. Currently, there are still significant knowledge gaps in the cancer management of COVID-19 patients ([@bib0035]; [@bib0060]; [@bib0075],[@bib0080]). A better understanding of the prevalence of different types of cancer in COVID-19 patients allows the development of more specific and more efficient ways of prevention and therapy. Previous studies mentioned that lung cancer patients are more susceptible to SARS-CoV-2 infection ([@bib0100]). However, the conclusions of previous studies are not entirely consistent. Therefore, we used meta-analysis to analyze which type of cancer patients are more susceptible to SARS-COX-2.

In our meta-analysis, including 205 patients from 6 retrospective studies, found the prevalence of different types of cancer in patients with COVID-19. We analyzed the susceptibility of seven cancers, including lung cancer, colorectal cancer, breast cancer, esophagus cancer, bladder cancer, pancreatic cancer, and cervical cancer. The prevalence of lung cancer was 24.5 % among cancer patients infected by SARS-COX-2, which demonstrates a high presence of this infection. We also found that colorectal cancer patients with a prevalence of 20.5 % are also susceptible to SARS-COX-2.

Furthermore, we evaluated the expression of infection core genes in different types of cancer by the GEPIA database. Numerous studies have reported that ACE2 and TMPRSS2 are the critical proteins for SARS-CoV-2 entry into host cells.SARS-CoV-2 uses the SARS-CoV receptor (ACE2) for entry and the serine protease TMPRSS2 for S protein priming ([@bib0040]). Previous studies study explored the existence of host cell receptor ACE2 in various cell types using published single-cell RNA-seq data to track the potential SARS-CoV-2 infection in human organs and constructed a risk map indicating the vulnerability of different organs to SARS-CoV-2 infection ([@bib0095]; [@bib0115]). Therefore,the cells with ACE2 and TMPRSS2 expression may act as target cells and are susceptible to SARS-CoV-2 infection. In our results of the GEPIA database, we found that the mRNA expression of ACE2 and TMPRSS2 was higher in lung cancer and colorectal cancer than other types of cancer, which further support the finding of this meta-analysis.

However, this conclusion needs to be interpreted with some caution. Firstly, the results provided in this article come from six retrospective studies, and the pooled results of some types of cancer only come from four studies. Secondly, the small sample size could have affected the significance of the results. Thirdly, some patients may have more than one type of cancer. Finally, the quality of different studies was different, which might lead to bias.

5. Conclusion {#sec0075}
=============

The meta-analysis and bioinformatics analysis identified lung cancer and colorectal cancer are two types of cancer susceptible to SARS-CoV-2 infection. Knowledge of the prevalence in different types of cancer can better define those COVID-19 patients at higher risk, and thus allow a more targeted and specific approach to preventing SARS-CoV-2 infection.
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